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Bit-patterned perpendicular magnetic medium (BPM) is a strong candidate for extending the thermal stability 
limit of current granular media [1]. Since all of the bits are pre-fabricated, the physical structure is fundamentally 
different from conventional media. Therefore, the write/read scheme must be totally re-established. The necessary 
control parameters to maximize the recording density are different from conventional granular media. They should be 
extracted and examined in order to optimize the recording performance. So far, it has been known that the recording 
characteristics is governed by various patterning fluctuations, such that the major media noise source is the dispersion 
of patterned dots [2]. The statistical characteristics of these fluctuations are therefore important. In this work, the 
influence of various fluctuations is discussed to determine the appropriate writing process, based on a recording model 
of BPM. Variations of media parameters and write head field distribution are major factors for this discussion. 
Computer simulations were used to demonstrate the effectiveness of the model by maximizing the areal recording 
density through optimization of the media fabrication and recording conditions. 
In granular recording media, media noise emanates from the fluctuation of granular structure of the recording 
layer, but unlike these conventional media, the noise in patterned media is dominated by fluctuations in the size and 
position of the patterned dots [3]. Writing process is also significantly influenced by various fluctuations, and it is more 
serious in BPM. Since recorded magnetization in granular media is determined as the averaged magnetization among 
the total grains in a bit, the polarity of the recorded bit itself is correct. In contrast, if the fluctuated switching field of a 
dot in BPM exceeds applied head field, the resultant writing polarity is no longer correct, which becomes a write error. 
The bit errors during writing (written-in errors) are important in BPM recording. A target dot should be written with a 
sufficiently large head field to ensure saturation recording, but simultaneously, the preceding bit that has already written 
must not be re-switched with the head field. The necessary criterion to avoid these written-in errors is that difference of 
the write head field between any pair of neighboring dots exceeds the overall switching field distribution (SFD) of the 
dots, as schematically indicated in Fig. 1. In this criterion, a dot is written with a sufficiently large head field, but the 
field distribution must be sufficiently small at the preceding dot position. The difference in the write field is the product 
of the dot pitch and the head field gradient. This slope model requires that the entire SFD should be less than the 
product of the head field gradient and the dot pitch. Write margin is introduced to indicate the tolerance of the writing 
head field position, which is defined as an allowable head location without written-in errors. 
In the case of a bit length of 12.7 nm, that is areal density of 2 Tbit/in
2
 with an aspect ratio of 2:1, the writing 
margin was examined based on the above slope model. The fluctuations in the BPM were considered to be a statistical 
sum of three major deviations, intrinsic SFD of media, interference magnetic field from surrounding dots, and dot 
position deviation. These fluctuations can be summed up as a total standard deviation of a Gaussion distribution of the 
SFD according to the central limit theorem. A set of assumed parameters is listed in Table I. Total equivalent SFD was 
approximately 620 Oe. For this fluctuation a head field gradient of 300 Oe/nm makes the field drop of 3810 Oe for the 
bit length of 12.7 nm, which allows a standard deviation of 870 Oe to satisfy an error rate of 10
-5
 (4.4). The write 
margin was calculated for various head field gradient, which results were plotted in Fig 2. The head field gradient of 
300 Oe/nm is considered to be rather insufficient to attain a good write error rate for 2 Tbit/inch
2
. 
A model for writing process of BPM was discussed in association with an examination of write margin for 2 
Tbit/inch2. Significance of writing head field gradient and SFD of medium was suggested for sufficient write error rate. 
Head field gradients larger than 300 – 500 Oe/nm will be necessary for the estimated media parameters. 
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Bit length= 12.7 nm
Write-in error= 10-5
Hk= 10 kOe
Magneto-static= 450 Oe
Head field gradient, dH/dx (Oe/nm)
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Case 2
 SFD= 3%
 pos= 0.3 nm
Case 3
 SFD= 5%
 pos= 1 nm
Case 1
 SFD= 3%
 pos= 0.6 nm
Fig. 2.  Tolerable write margin for some conditions. 
The plots show two sets of potential recording 
parameters. Ms of 800 emu/cm
3 was assumed. 
Fig 1.  Snapshot of the writing process at the instant 
of writing dot #2. The write head moves from left to 
right. Dot #1 has already been recorded, affecting dot 
#2 through magnetostatic interactions. Dots #3 and 
#4 are going to be written afterwards. Hd represents 
demagnetization field, or interference from the 
neighbors. 
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Table I  A set of likely numbers for the fluctuation parameters.  
Hk is anisotropy field. SFD, POS, Hd re devia ions of intrinsic 
SFD of medium, position fluctuation of dots, and field 
interference from surrounding bots, respectively. Head field 
gradient is notified a  dH/dx. 
 Ku KuV/kT> 60  
Hk 2Ku/Ms=  10 kOe 
SFD Hk* 3%= 300 Oe 300 Oe 
POS x*dH/dx= 0.6 nm * 511 
Oe/nm 
307 Oe 
Hd 4Ms*(0.56/4) 450 Oe 
total sqrt(300
2
+307
2
+450
2
) 622 Oe 
dH/dx  511 Oe/nm 
Margin 
loss 
4.4*total/(dH/dx) 5.35 nm 
Write 
margin 
(bit length/2) - (margin loss) 1.0 nm 
%margin Write margin/bit length 7.9 % 
